Un imageur d'anneaux Tcherenkov pour l'expérience AMS, prototypie, simulation et perspectives physiques by Thuillier, Thomas
Un imageur d’anneaux Tcherenkov pour l’expe´rience
AMS, prototypie, simulation et perspectives physiques
Thomas Thuillier
To cite this version:
Thomas Thuillier. Un imageur d’anneaux Tcherenkov pour l’expe´rience AMS, prototypie, sim-
ulation et perspectives physiques. Cosmologie et astrophysique extra-galactique [astro-ph.CO].
Universite´ Joseph-Fourier - Grenoble I, 2000. Franc¸ais. <tel-00001106>
HAL Id: tel-00001106
https://tel.archives-ouvertes.fr/tel-00001106
Submitted on 14 Feb 2002
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de











































































































































dib(diÇTdihjtÆIfm7dfetÉzdib dib m7p«o7psdih Ålm7rqm ab(dih7vb(d rudTjgdiÇ a7ekvdÁÇÁd
 lbPÇTdib
Í










































adHdfjBÅdf rudfm7dfr!Ñ  Ipab(pseHodim7flma`vd«a7rÌÂpuePpÌb
Í





















Åpqh7dalmbrudfei$	cdfendfj$r  IpsvdTm7ÖePlm7vmb(dfeeCmbnrsdfeib(jgdfenvdtr  pqÇH dimbfÈ
Æd+Ål7m7vbgIpseb(diÇTdibfpudib
Ð





































































































































































































































































































































Ézpurqh vdfepqh7fdib(jPpuj9m7vdfe ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ /¾



















































































































































































bPIpsjgdiÇTdihj$vdkr  pqÇH d¡dfj$flmamb(d ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ¿















































È ÃÈ ¾ Î$IvpqIjgdimbejgdfePj cdfe ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾
×1N
N



























































































À dfeCmb(dkvdtrqTÅzcdfrsl7fpsj cd ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿¿
 VLﬃ%?fjﬃ	g	 _6F&	 '*C
	:ﬃF %k














































































































 almbrqHÇTpsegegpslh v À
1
























































rsrspÌmÇ&dfj$v rqmÇTpqh7pqmÇ vncdfjPdffj cdfenabnrsdÎ
 




















 r (cdfjCm7vdnvd$rqTb7cdfePlrqm7jgpslh¡vd$rqtÇTdfeCmbd$dihHÅzcdfrsl7fpsj cdnvd$fd$j
Ł
ad$vdflÇHa7jgdimbfÊ

































































































    









































m7jgdfeKcdih7dib pud«b(dfflhÅdib(jgpsetvh7etr  IfjgpsÅ7psj cdxcdiÇTdib dihjgdTvdfeTIegjCb(l7ab(jgpsim7rsdfeiÈ

+flrsrqol7bgIjgpslh










h7diÇTdihjfleCÇTps m7dÊ ﬂOhtvdjgdfegjgdib­rqÅ	Irspsvpsj cd$vdfdib(jCIpqh7eÇTl7v
Í






























































abrsdimb(e$ab(l7vm7psjge$vdvﬁcdfegpqhj cd bPIjgpslh5ÈBË  m7jCb(d$abjiÊr (cdfjCm7vd$vdr  olh7vh7fdvdfe$h7l
Ł
m7ÖTfleCÇÁpum7dfe
adibgÇTdfjPjCbg-v Ifib(l Ruj9b(d+rq{ePjCIjgpsegjgpsm7d{ÇTlh7vpqIrsd{vd{a7rqm7egpsdimb(e+l7b(vb(dfeTvd bgh7vdimbedfj vﬁcdiol7m7

dibg











































































Academy of Launching Vehicle Technology
Space Science and Application








Ioffe Physical Technical Inst.
Russian Space Research Inst. 
Lavochkin Inst. 
Korolev Scientific  Corp. "Energia"
Lebedev Inst. of Physics
Inst.of Theor. and Experimental Physics



















































ÊIrsdfeﬁl7o7egdib(Å	Âjgpslh7endfÖ azcdib(pqÇTdihj9Irsdfe¹adibgÇTdfjgj9Ipsdihjzv dfÖfrqmb(dkrqTab7cdfegdih7fd$v hjgpqÇHIjPp
Í
dib(d$vh7e





















































































































































































































































cdfjgpsm7dfetlo7Ñ(dfjgeTh7d h7lm7eHb(dih7ePdfp 7h7d aIeTeCmb































































































































































































 ﬁ ﬁ   ﬁ
 ﬁ ﬀ'(" ﬁ .ﬀ! .ﬃ " ﬁ
  ﬀT.ﬀ''%'(! )ﬀﬂﬁﬃ  !#"$&% :'( ﬁ
ﬀ'" ﬁ .2! 3. ﬃ ") ﬁ-ﬁ .ﬀ'(!*








:MﬁN%!!9MOMP2  Q>.ﬀ'! 7+,R,ﬂﬀ "$ﬀ!"$.ﬀ'.
7+  !9 ﬃ% ﬀ!9  Qﬂ'! *
S +,"TP0' ﬁ4








:a'( ﬁ #.  /b ﬁ ﬁ .2'!U




eﬁUf 6gﬀh>ﬀ!" )% 
'.ﬀ"$ Ni  .ﬀ"

G
'.ﬀ' /@ﬀ T.ﬀ'"1!-,- # +
V







# . /bNi .ﬀ'(#N!0:n'oZ p_ﬀﬁ !9_W
ﬂ'!U ﬁ !qﬂ"+$+d  ﬃ .  +, ﬃ  >"T)%  #.  /b%!q ﬁ !# . ﬃ ﬀ!" / +d ,- # +lZ _ST" ﬁ !9%'(#0*
 ﬃ "# ﬁ ﬀ#.2ﬁ !"1 ﬁ
G
1 "ﬁ "rP '3%'(! +d
s# . ﬃ +,_P
 +,m>ﬀ!" )% %!t
* ﬀT.ﬀ'('3-ﬂ'!q
ﬀﬀ' ﬁ +ﬂZ 0'("),-% @ﬁYp_ '3T:
 

















odim7flma vdtm7dfegjgpslh7edih«eCm7eCadih7e = ¿?1È



































































ﬀ 6 ﬃ	?&:$ﬃ@ 5
6!7Z	#	9ﬃ=;(ﬃ=	Ru
+ 
  dfePjrq fl7hjCbpÌom7jPpul7h`vmbg
Ł











































l7vdkdfegjegpqÇHa7rsd )mh7v lh+lo7ePdib(Ådkvdfe IrqIÖ7psdferslpqhjCIpqh7dfeiÊ­lh+rsdfeÅlpsjvh7eWmh
jgdiÇHa7eﬁaÂegecdÈ







am7pseg m7d¡r  dfÖ ah7egpslh+vlpsjegdtbgIrsdihjgpqbneglm7er  d OÄdfjvdtrq bgBÅ7psj cdÈ

j$  dfePj$dfÖ Â


















































































































































































cdfÅlrqm7jgpslh vm+h7lÇTob(dkv Ç Ie$iÅdfrsdkvncdfiÂrÌ dkeCadffj9bgIrRÊ  Om7Ö+vdtÇHIjgp
Í
dibdm7jglmb




























































































































































dffrsdÈ   dfegj psfjgl7b
!dfege m7pRÊrudab(diÇTpsdibfÊ




lhh7diÇTdihjdih`¾0¾BÃÊdih ÇTdfeCmbghjr  m ÇTdihjCIjPpul7h
vd{r  pslh7pseCIjgpslhﬃvd{r  Ij9ÇTleCa
5Í
dib(d BÅdf+r  ÂrujPpuj9m7vdXm ÇTl
Ł





























































































































































ÇHa ÇH hzcdfjgps m7d IrqIfjgpsm7dHrsliIr
almbnd O¼dfj$vdkflhﬃﬂOh7dib¹rudfekÎﬁ vh7e$rq IrqIÖ7psdkdfj$eglh











































d v dih7egdfp h7diÇTdihjiÈ5r  IpsvdHvdHÇTl7v
Í
dfrsdfevm{j9bgh7eCalb(jdfjvd

























































mHr  pqhj cdib dfj




























































































ÊeglhjHvdfe«lo7Ñ(dfjgeHv l7b(p pqh7dXdfÖ7jCbg IrqIfjgpsm7d


























































«cdfÅl7 mzcdÊgeglpujmh7dfl7h7e cdfm7dih7fdnvdr (cdf

mTO¼diÇTdihj
































 +,>ﬁ "0+,ﬀ!"$.ﬀ'56 .ﬀ'!9 W3#ﬀ +,.
YZ 47698>ﬃ.  7+,
+%!9#%!"$.ﬀ'.
 ﬁ& " l% :M# /0ﬀ'!"$+$+ .2'

 ﬁKﬃ  #ﬂ! k*
MZﬂ- " ﬁﬁ "$.ﬀ'.





 ﬁRﬂ!H6   e_ST! ﬃ.ﬀ+X ﬁc
 ﬃD " ﬁ +d ﬁ] W
ﬁ   ﬁ
YZ t ﬀU:t'( ﬁ 
+ #ﬀ+,_P ﬁ ﬁ
ﬃ #%! S6
 ﬁ-ﬁ .  #0 ﬁﬂﬁ ﬁ .ﬀ'(!7"'
ﬀ")1-4 ﬁ-ﬁ_  -+,OMP2  kT:t'( ﬁ-+,"rP '3 ﬁ
ﬃ.ﬀ"$'!"$++X ﬁ ﬁ .ﬀ'(!*0'._ST! ﬃ.ﬀ+,ﬀ!"$.ﬀ' ﬃD  6
 +, +,.ﬀ"]
 ﬃD " ﬁﬁ ﬀ'#
G
!ﬀ'3
2" ﬁ1 +[ ﬁ-+,"rP '3 ﬁ7ﬃ +d%"$'3 ﬁ ﬂ!
!" %!  ﬁ7ﬁ .ﬀ'(!N




U)%+d ﬁ7!/4.ﬀ "1 ﬁ
YZ _S!"$'#ﬂ!".2'6
ﬃsS ﬃ  .,%.-1N ﬃ ﬀ +ﬂZ "' W
!9% ﬀ#%!"$.ﬀ'j
 ﬁ ,#R
 ﬁ ﬃ3/0.2!.ﬀ' ﬁ>"'(!9% P0ﬀ+,ﬀ#ﬂ!")1-2 ﬁ :n'( ! "$ﬀ'P +[ﬂ!M+d #% #ﬂ+[,ﬂ")





s		   ﬁ
ﬃ #%!",-%'!
G
 ﬁ  Y ﬃ2 +dR
sﬂ!9 #ﬂ!9  
QP% /ﬂ ﬁ ﬀ!W
 . ﬁKﬃ3/4% ")1-2 ﬁ$# /0"&ﬃﬀﬃ +dT: '( ﬁs ﬁ_  k ﬁ ﬀ!!9ﬂ'3
 ﬁUﬃﬀ 4 6E8*ﬁ_0 s '3 ﬃ% "$.

$Ã*ﬀ' ﬁ ﬁ .2'!H"'
ﬀ")1-4 ﬁ
ﬃﬀ +[ ﬁ #ﬀ  Y ﬁ
G
! "$ﬀ'P +[ ﬁcﬂ!  .ﬀ'
Tﬁ '.ﬀ"$ @ﬁ :
vm{vpsegm7d«v Ifib7cdfjgpslh{ab(lIÅl7mcdtabrsdH










































































































rdfÖ7puePjgd mh7d frÌÂegegpﬂiIjgpslhxIePegd HflÇHa7rspsmcdfd«vdfeo7rq ib(e¡egdfrslh rudimb¡j
Ł
adHv(cdiÇTpsegegpslh dfj















Êam7psegm  psrse$h7dﬁePlhj!aIeÅ m7e
abnrsdfe$vncdfjPdffjgdimb(e$m«eglrRÈ


























  O    J$ﬀ $	 S

$	K   




























vh7erq«a7rÌÂ m7d¡vlhjr (cdih7dib psd













ÇHa«ÇH 7hcdfjgpsm7d$vh7enr  IpqÇHhjdfjnv m7j9b(dab(j
vmxbg
Ł






































































































































































a7rqm7eoÂegegdtpqÇHam7rsegpslh dfegjvﬁcd bPIvﬁcdfdtabrq«vp O­m7ePpul7hXÇTm7rsjgpqa7rsdHvh7ekrsdfeta7rqh7e






















































































































































 3 ﬁ # /C>ﬀ!"1
 4 6E8  
G

2ﬀ' ﬁ +, ,% @ﬁ ".ﬀ' 

















































































dfegj¡flÇHale cdHv mhKdih7egdiÇTo7rsd{vd«egfpqhjgpsrurqIjPdimb(e a7rqIePjgps m7d
 m7p¼fdfpqhjCmb(dkjgljCIrsdiÇTdihjﬁr  ÂpÌÇ hjdfj¹adibgÇTdfj$vdTb(d(Ñ(dfjgdibzrudfe-cdfÅzcdih7diÇÁdihjgenh7dtaIegeChj$aIenjglj9IrsdiÇTdihj




















































  O N  H  @Q I1Q J$ﬀ$	  S

$	K @Q%	HPI  JJ$  1 J$Q%	 PI JI $  @     @N
$M






 -#&%('J2#W'J28#   2



















h diÇTdihjgeﬁÂf m7pseePlhjnab(l Rlh7veiÈ
Ò
lm7jv olbv¼ÊIr  IpqÇHhjﬁadibPÇHh7dihjegdibg¡b(diÇHa7rqI5cd
abmhHIpqÇHhj!eCmabgIflh7vm7fjPdimbfÊvncdfrupsÅbghjmh¡

























































È km7dfrs m7dfe$vp iIpqh7dfenv(cdfÅcdih7diÇTdihjPeabzhTegl7hjIjPjgdih7vm7evh7e
r  Iffdia7jCh7fd-v À







































 8 # /C>R
 ﬃ  "'(#%"&ﬃ Q
MZ  '3























































































fleCÇTpsm7dfedfegja7rÌm7e Ipqo7rudTdfjhzcdffdfegegpsjgdkvdfevﬁcdfjgdffjPdimb(enegdih7egpqo7rsdfekvh7e$r  Õ È




























































































































  O N  H  @Q I1Q J$ﬀ$	  S






























































































b d ﬂ ¾dfjﬁmh7dkÇTdfeCmb(d$dih 



















































































rÌ  bgÂfjgpslh`v(cdih7dib psdvncdialecdfd Ç IpseHvlhh7d¯cd 7IrsdiÇTdihjHmh7d+pqÇH d+rul7h psjCm7vpqhIrsdXdfjTjCbPh7egÅdib(ePdvd
rÌ dibgodÈ

 lbPÇTdtvd¡rÌ dibgodTadibgÇTdfjkvd¡ecdiab(dibneglh lb(p pqh7d

Ivblh7ps m7dTlm¯cdfrsdffjCb(lÇ  hzcdfjPpum7d
iÅdfÁmh7d+b7cd(Ñ1dffjgpslh-vd«r  lb(vb(dTvd ¾


È¼Õh IÑgm7egjgdiÇTdihjkvm vncdfÅdfrul7aadiÇTdihjTvdHrq dibgodadibPÇTdfjtvd
      
	
  





































almbgbPIpsjb(dfflh7egj9bgm7pqb(dtr  h rudkv bgb(psÅcdfdkvdta

ljgl7h7e XBÅdftmh7dtab7cdffpsegpslh{ÇTpsdim7Ö+m7dkrsdtvd b7cdtalmb








       










    	 












































dÊfl7ÇHa7jgd$jgdih7m vm) Âpujnm  psrdfegj
vp

fpursdHv lo7egdib(ÅdibzeCÁegjCbgm7fjCmbdkvdtr  pqhjcdib(psdimbfÈ
Õh7dpqhjCb(l7vm7fjgpslh
Í











 ! v À

dfegjdih7e9m7pujPdWab7cdfegdihj cd$BÅdfa7rqm7e


















-'(.ﬀ! QP ﬀ+,XS"mﬂ' #.0+d-0 >"$'3,ﬂ 1ﬁU
G
 # .2' ﬁ ! 0 "!9 )>ﬃ2 !"$ 
 ﬁ .0/ ﬁﬂ 0,ﬂﬀ!".2' ﬁ

ﬁ ﬀ!9ﬂ++,"$!9 ﬁtﬃ  :
     $Q 
ﬂ3
 Q 	KI   1ﬂS
  JSUQ  Q
P3I1R	KI P  
ﬀ   
"ﬁﬂﬀ   ﬃ
	#ﬃ #ﬃﬂ ' - 2 ,#&-02 
!ﬂ ﬂ6#ﬃ # ﬂ '$- % O-  ) 6# 
 
 %('$) 6#
























































































































iÅdfkr  d OÄdfjvm+Ï
 





















 bgÂfjgpslh{h7lh hzcd rsp dio7rsdHvdTrudimbkÇ IegegdTdfjv1cdiÇTdfjPjCb(dnÑgm7egjgdiÇTdihjfdfe cdfrCcdiÇTdihjge$dih-mhjPpujcdtpqÇHalb
































dfenrsdimbcd(Ñ(dffjgpslh«vh7enrsdÇTpsrspsdim-pÌhjgdib(ePjgdfrsrÌÂpÌbd 	¡Õh7dtÇTdfe9mb(dkvm+jgdiÇ a7eﬁdihjCb(dkr (cd(Ñ1dffjPpul7h
vd+rÌ-egl7mb(fddfjTr  If5cdfrCcdibgIjPpul7hadim7j dfjCb(dHvncdfvm7psjgd+vdr (cdfjCm7vd«vd+r  olh7vh7fd{b(dfrqIjgpsÅd+vd«fdib(jCIpqh7e
ab(pqÇHIpqb(dfekbgIvpslIfjgpReiÊvlhjnrqHeCmbÅpsdkvncdiadih7v{vdkrsdimb+cdfjCIjzv pslh7pseCIjgpslh5È
 






























































dtab(l7fdfegeCm7eÇTdfjndih¡Ñ1dim«r  pqhjgdibgIfjgpslh«v mh7dtab(jgpsim7rsd


























  O     SU%PS











dfegj bgh7vdÊrqTab(jPpuim7rsd¡pÌhjgdibg psja7rqm7egpsdimb(e RlpseiÊdfjnrsdfe$iIrsim7rsekÇTlhjCb(dihjﬁm  m jglj9IrRÊrsdkeCadffjCb(dkdih








?1È ndiadih7vhjiÊrsdfe{cdih7dib pudfev If5cdfrCcdibgIjPpul7h«eglhj$rspÌÇÁpujcdfdfekab$rsd








dfjT m7d«rq ab(psegddih flÇHa7jPdHvdfeHadib(jgdfeHab

















l7 Ipsj$vp O m7egdib  l7b(jgdiÇTdihjnrudfetab(jgpsim7rsdfem7padim7ÅdihjWb(diaÂegegdibnvd¡r  bgb(p
Í
dibdkÅdib(er  iÅIhj$vm b(lhj













l7  lbjgdfeadibgÇTdfjgjgdihjTvd bdih7vb(d+flÇHa7jgd«vd«eCadffjCbddih


















 m7peglhjHrsdfe{ÇTdfpsrsrudimbe cdihcdibgIjPdimb(eTv lh7vdfe+vd{













bcdffdiÇHÇÁdihjiÊ­rqKÇTpsegd+dih cdfÅ7psvdih7fd{vdfeTeCadffjCb(dfeHv(cdiÇTpsegegpslh xvdfeHmIeCb(eTdfÖjCbP IrqIfjgpsm7dfeHrqIpsegegd









































































































































































































































 egjCbgm7fjCmbdWÇH hcdfjgpsm7d IrqIfjPpum7dkadim7j dfjCbd cdfjCm7vp9cdfd b Ifd
Í




jgps m7dHrsl7iIrﬁBÅdfTrq+ab(la Ijgpslh-v lh7vdfeKcdfrsdffjCb(l7ÇH hzcdfjgps m7dfekalrqbpuecdfdfeiÊcdiÇTpsegdfetabdfÖ7diÇHa7rsd ab
N   $Q 
ﬂ3
 Q 	KI   1ﬂS




ÃÈ Ãf " ﬁ ! "/_ !".ﬀ' 
9#_/0 ﬃ>_P 'Qﬂ!")1-2*P ﬀ+,ﬀ#%!"1
>+,P0ﬀ+,XST") ﬁ
ﬃ " ﬀ+d 6 $	  
YZ ﬃ  ;) ﬁ4" Xb% :
vdfe¹am7rseCb(eiÈ






























ÇHa ÇH 7hcdfjgpsm7dteCm7psjkaab(lIÖpqÇHÂjgpsÅdiÇTdihjkrÌ egjCbPm7fjCmb(dtdih-eCa7pqbgÂrud vdÁh7ljCb(d 7IrqIÖpsdÈ ndTj
Ł
ad










































ÇHa{ÇH hcdfjgpsm7d IrqIfjgpsm7dHadim7Ådihj{cd IrsdiÇTdihjb7cd

IfOcdfr9cdibdibrsdfetÎﬁ¯vd







 ! ﬂ ﬂ6#ﬃ #ﬃﬂ ' % -  ) 6#  #&- 2 	# 
 !O),-*) ﬂ 
#/ # 
 #W2*24#








































































  O    H	KI   1ﬂS



































%+ %'(!$ﬁ ﬃ  Y ﬁﬂ'!$ﬁm
2ﬀ' ﬁ-+d9 32.2''3 W
ﬂ'! # .Tﬁ_>")1-2  ﬁ .%!
 +ﬂZ ﬀ!W












  9iV% %'(#0 
 ﬁ  /1.ﬀ'
ﬀﬀ'(#0 ﬁ  %+,ﬀ!", ﬁ

ﬀﬀ' ﬁ +d ﬁ ﬂﬁ !2)- ﬁ .2+ 2" :e'( ﬁv
ﬀ.ﬀ' W




YZ  ﬃ  ) ﬁ








































































!ib7cd5cdfe$abzpqhjgdibgIfjgpslh vdtr  !dkdfj$vdtr  ! e9mbnrsdtÀ
 
È




















 rÌ rslh m7dimbv pqhjgdibgIfjPpul7h{vd  bP ÇTdihjCIjgpslh5ÊjCh7vpsek m7d¡rsd IpsjvdÅlpqb$rsdfe
N    $Q 
ﬂ3
 Q 	KI   1ﬂS





















































































ÃÈq¾ NSX ﬃ +d]
7'.ﬀTSﬃ  ")>ﬀ"$  ﬁs%! ﬁ_ #.ﬀ'3







!o !"$+ " ﬁ 0/ +d ﬁ
# ./0.ﬀ +,.ﬂP2 # .Tﬁ_>")1-2
G






























ﬀ ;ﬀ ;ﬀ OHSF8ﬂ








frsdfev IfjgpsÅ7psj cdvdtÃÃTh7em«fl7mb(envdfeg m7dfrsersdk





































































dibd  Om7fjCm7d  ÂpÌo7rsdiÇTdihjkvh7e$rsd¡jgdiÇHa7eiÈ
mh7pujcd ÇTl
Ł














































ÃÈ Ã2ﬃ2 3 )ﬂ!  ﬁQ



















  % ﬂ HJ$	 @  S QT   %O  %S  3J;PI 
 JI1T  
		K   1P
RP
  O    H	KI   1ﬂS























ÇHa+ÇH hcdfjgpsm7dl7hj+cd IrsdiÇTdihj$almbnd O¼dfjnvd Ipqb(dkvp O m7egdibnrsdÎﬁkÈ

HÅIb(pqIjgpslh-vdTr  pqhjPdih7egpsj cd¡vm{ÅdihjkBÅdftrsdT
Ł
frsdTv IfjPpuÅ7psjcd¡eglrqIpqb(d)IpsjÅIb(psdibrsdePdim7pur!vdTflmamb(d


































































 ²dfegj¡rÌ abjgpsd bgÂvpÌÂrvm fld






































































































































N    $Q 
ﬂ3
 Q 	KI   1ﬂS










ﬃ  .ﬀ!.ﬀ' ﬁQ%!U
YZ /4ﬂ+ " ﬁQ ﬁ  Y ﬁ ﬃ ﬀ *
 ﬁc S1ﬃﬂ "%'(#0 ﬁcﬂ' /@ﬀ++,.ﬀ'
G

YZ ﬃ  ) ﬁ4"$%ﬀ   ! ﬂ!
"k$	k% ﬀ-!0: '( ﬁ #.  /b ﬁ ﬃ.ﬀ"$'!"$++X ﬁUﬁ X /1.2+ " ﬁ_%'! +[ ﬁ ﬃ+S !/4.ﬀ ")1-2 ﬁ ﬀ!!9ﬂ'3
2ﬁﬃ .0 ]
ﬀ"  % ﬂ'!$ﬁs,%ﬀ+d-0 @ﬁ4

;
:a'( ﬁ +d%!!  ﬁ ﬀ+ ﬃ3/ 0/Uﬂ!")1-2 ﬁ Tﬁﬁ .%#%" ﬁ S #.0 /b ﬁ #.ﬀ  k ﬁKﬃ .ﬀ'3
%'!  k ﬁKﬃ  #ﬂ!"),-%'(!>)R
 ﬁﬃ2 3 )ﬂ!  ﬁ

 .-

















YZ ﬃ  ) ﬁc" 	%
G
" 	 %





ÇHaTÇH hzcdfjgps m7d«cdfjChj¼egpqÇTpsrqIpqb(dWalmb!vdim7ÖTpslh7evpsegjgpqh7fjgezvd$Ç diÇTdnb(p psvpsj cd

























































































d <ÂÊzfd  m7pÅ	Irspsvd`r  m7jgpsrupseCÂjgpslhvd fdfjgjPd
aab(lIÖpqÇHÂjgpslh5È












ÇHa-ÇH hzcdfjgps m7djgdibgb(dfePjCb(dt psjneCmbrsdfeab(jgpsim7rsdfek

b cdfdfeﬁfl7ÇHÇTdtmh+ol7m7frupsdibTpsr!vﬁcdfÅ7psd

















































  O    H	KI   1ﬂS















-80 -60 -40 -20 0 20 40 60 80

















ÃÈ ¿   4%!]
*+, # . ﬃD  RP4.>_P 'Q%!"15 "TP0"
ﬀ"$! .>"$'" 2+[ 





































jgps m7dÊ7ÇHIpsepsr vncdfÅdfrslaacdnalmb!r  l7fiIegpslh






































































Hmh7dab(jgpsim7rsdÁbgb(psÅ	hj$vd¡r  lm7dfegjÇH hcdfjgpsm7dtalmb
mh7d¡








































































ÇTlhjCb(d+r (cdfÅlrqm7jgpslh vd{rq`flmamb(dcdflÇ  hzcdfjPpum7d+dih Rlh7fjgpslh vd-rÌ`rqIjPpuj9m7vd cdflÇH hcdfjgpsm7d
Í














dih7vhjTrsd+ÅlrnhBÅdfjgjgdÊ!À ` hBÅp mzcdeCmb
N    $Q 
ﬂ3
 Q 	KI   1ﬂS








 l7h+Ålpsj m7dTvh7efdfekflh7vpsjgpslh7eiÊ5rq+b(p psvpsjcdÇH 7hcdfjgpsm7d











"ﬁ   / 	# ),- 
 '$) ﬂ /1# 
 62 #ﬃ
 
 '$) ﬂ / #&- 
ﬀ ;  W;=:  
&HJACB ﬂ4? 
L





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































" ﬀ  
 



















































































































































































































































































































































































































































































































































10 -2 10 -1 1 10 10 2 10 3
















































































































 "! #  D?%ﬃ1p)>-.A























































































































































































































































































































































































































































































































































































































































Pouvoir de séparation entre Z et Z+1
radiateur AGL
radiateur NaF
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NaF 1 cm : 0.75≤β≤1
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  121.6
  28.18
  130.5    /    79
P1   707.5
P2   125.8
P3   17.45
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NaF - d=10 mm - D=52 mm
  48.23    /    25
Constant   117.9
Mean   .9988
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